To fabricate a microfiber, we started with a standard telecom single-mode fiber (SMF 28, Corning Inc., clad diameter D clad ~125 µm, mode field diameter D MFD ~10.4 µm @ 1550 nm, numerical aperture NA~0.14, cutoff wavelength ~1260 nm). By flame heating and pulling, a short section of the fiber was tapered down to a microfiber. Careful control of the flame dimension and temperature as well as the pulling speed allowed us to obtain microfibers with a uniform diameter of 1.0-1.4 µm over a length of 2 mm. An example is presented in Fig. S1a . We measured the transmittance of the microfiber at 1.55 µm during the tapering process, as displayed in Fig.S1b . The oscillation versus the tapered length is the result of mode structural variation of the guided wave, which goes into a single HE 11 guided mode when the microfiber diameter is sufficiently small [1] [2] [3] . In the single mode region, the transmittance of the microfiber was found to be ~97% flat over a wide spectral range as expected.
Figure S1 | Optical characterization of microfibers tapered from a standard telecom single-mode fiber. a, Typical stereoscopic microscope image of a 1.2-µm-diameter microfiber. b, In-situ transmittance measured during the tapering process at 1550 nm wavelength. The transmittance is ~ 97% when the diameter of the microfiber reaches 1.2 µm. c, Transmission spectra of microfibers with different diameters (offseted for clarity). For microfibers with relatively large diameters (2.7 µm or above), the spectra show oscillation with wavelength because of multimode propagataion in the microfibers.
The number of monolayers in a graphene flake can be determined by Raman spectroscopy [4] [5] [6] [7] [8] . Figure S2a presents the Raman spectra of our exfoliated mono-, bi-and tri-layer graphene on a SiO 2 /Si wafer. Their G-mode intensities relative to the 2D mode (or the Si phonon mode) are clearly different [4, 5] . The intensity variation of the G-mode with layer thickness can be seen even for graphene with more than 3 monolayers. An example is shown in Fig. S2b , where the G-mode in the Raman spectra of (4-7)-layer graphene deposited on SiO 2 /Si is compared with the Si phonon mode [8] . The Fermi level of our bilayer graphene is typically around 200 meV [9] . Figure S2 | Raman spectra of graphene flakes. a, Raman spectra of mono-, bi-layer and tri-layer graphene on a SiO 2 /Si wafer. They are normalized with reference to the peak intensity of the 2D mode. b, Raman spectra of the G mode in comparison with the Si phonon mode for (4-7)-layer graphene on a SiO 2 /Si wafer. The spectra are normalized with reference to the Si phonon mode. The inset shows the ratio of the integrated intensities of the G mode and the Si phonon mode, I(G)/I(Si), versus the number of layers in graphene.
We describe here the process of wrapping a graphene flake around a microfiber. First, an adhesive tape with a selected graphene flake on it dropped onto and draped over a microfiber (Fig. S3a and S3b) . A methyl isobutyl ketone solution at 70 °C was then used to remove the adhesive tape, leaving only graphene on the microfiber (Fig. S3c) . A ns laser beam (at 1064 nm with 5-ns pulse duration, 2.4-kHz repetition rate, and 10 mW power) through a fiber tip was next employed to cut the graphene to a 10 µm width alongside the microfiber (Fig. S3d) . Finally, we lifted the microfiber from the glass slide and the graphene spontaneously wrap around the micrfiber to form a GCM ( Figure S3e ). Figure S3 | Transferring a graphene flake onto a microfiber. a-b, An adhesive tape with a graphene flake on it drapes over a microfiber on a glass plate. c-d, The adhesive tape is removed by immersing the glass plate in a methyl isobutyl ketone solution and the graphene is then cut into a stripe of 10 µm width alongside the microfiber. e, Lifting the microfiber from the glass plate causes the graphene flake to spontaneously wrap around the microfiber.
The power density of the HE 11 mode in the cross-sectional plane of a microfiber was calculated by COMSOL. The dependence of the power density at the edge of a microfiber on the microfiber diameter for 1-mW input power at different wavelengths is depicted in Fig. S4 . Since there are two degenerate orthogonal elliptical modes of HE 11 , the presented power density is the average of the power densities of the two modes in the radial direction at 45 o from the long axes of the two elliptical mode distributions. Figure S5 describes the experimental arrangement used to characterize our GCMs. Optical transmission measurements without pump were carried out with different light sources. Figure S5 | Experimental setup for transmittance measurements of GCMs. Various light sources used in the measurements are described in the box on the left. The optical arrangement is depicted on the right. VOA denotes variable optical attenuator, and PM denotes power meter.
